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The 4-n-heptyloxy-4´-cyanobiphenyl (7OCB) is a member of 4-n-alkoxy-4´-cyanobiphenyl homologous series. This liquid 
crystal series is well known for its electro-optical properties. The 7OCB compound transforms from crystal to nematic at 53.5°C 
and nematic to isotropic phase at 75.0°C. Using Hartree-Fock and DFT methods with 6-31G(d,p) basis set, molecular geometry, 
conformational analysis, electronic structure, MEP, HOMO-LUMO surfaces and molecular parameters of 7OCB molecular 
system have been investigated. Efforts have been made to elucidate the physico-chemical properties of the 7OCB liquid crystal. 
Keywords: Liquid crystal, PES, MEP, HOMO, LUMO 
Introduction 
Commonly known states of matter are solid, liquid 
and gas. However, there are certain substances which 
when heated/cooled or treated with water or aqueous 
medium exhibit properties of both true liquids and 
crystals. Such substances are referred to as liquid 
crystals.1,2 Due to widespread use of liquid crystals in, 
displays, fabricating technology, industrial growth, 
biology, medicine and so on; scientists from almost 
all the disciplines have progressively focused their 
increased attention to the liquid crystal science.3-6 
 
Method of calculation 
Electronic structure methods are being effectively 
used to gather information about molecular structure and 
examine systems where electronic effects and molecular 
orbital interactions are dominant.7-9  Hartree-Fock (HF) 
and DFT (B3LYP) methods with 6-31G(d,p) basis set 
have been used to optimize the molecular geometry, 
conformational analysis, molecular electrostatic 
potential (MEP) and HOMO-LUMO surfaces of the 
7OCB molecule.10-12 Both HF and DFT methods were 
obtained from GAMESS program.13  
 
Results and Discussion 
 Geometry and conformational analysis 
The optimized molecular geometry of 4-n-
heptyloxy-4´-cyanobiphenyl (7OCB) is shown in 
Figure 1 along with various bond length values. In 
Figure 2 (a), the potential energy surface (PES) scan 
curve of 7OCB corresponding to two torsion angles τ1 
and τ2 has been displayed. As evident from this figure, 
7OCB molecule exhibits several stable conformers 
(dark blue regions) which are in the trans-trans 
conformation. Energy minimization or global 
minimum of trans–trans conformer of 7OCB 
molecule is obtained for τ1 = -90⁰ and τ2 = -180⁰ with 
energy value of 144.88 kcal/mol. Further, global 
maximum or cis-cis conformer (red region) 
corresponds to τ1= 0⁰ and τ2 =20⁰ with energy value of 
1118.71 kcal/mol. Another maximum position is 
observed for τ1 = 0⁰ and τ2 = -20⁰, which indicates that 
these molecular conformations are energetically 
unfavoured.5 
 
Molecular electrostatic potential (MEP) and HOMO-LUMO 
surface analysis 
The MEP surface on the 0.001 electron/bohr3 
isosurface of electron density is depicted in Figure 
2(b); which shows that electron densities are very low 
at the outer surface and near the hydrogen atoms (blue 
and light blue regions). Hence electrostatic potentials 
near these regions are positive. In the inner surface of 
the molecule (green regions), electron densities are 
moderately high due to the presence of carbon atoms. 
Further, electron densities are very high at the 
terminals of the molecule (yellow and red regions); 
which is due to the presence of electronegative atoms 
like oxygen and nitrogen. According to the frontier 
orbital theory, the chemistry of π-conjugated systems 
————— 
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is largely determined by the HOMO and LUMO 
orbitals in the reactant molecules. Furthermore, the 
HOMO and LUMO of the ground-state molecule are 
the essential orbitals because the ground state reaction 
of a strong electron acceptor (or donor) causes a 
mixing in of an ionized or an excited electron 
configuration. The quantities like global softness, 
global hardness and other related parameters of 7OCB 
molecule are given in Table 1. Details of the 
mathematical treatments for calculating global 
parameters can be found elsewhere.14 A molecule with 
smaller HOMO-LUMO energy gap is expected to have 
higher reactivity and a lower stability in chemical and 
photo-chemical processes with electron transfer or 
leap. In the present investigation, HOMO-LUMO gap 
is found to be 0.164 a.u., elucidating that molecular 
reactivity of 7OCB such as ability to absorb light and 
to react with other species is very high.5  
 
Conclusions 
It is observed that both the methods, ab-initio 
HF/6-31G(d,p) and DFT B3LYP/6-31G(d,p) yield 
almost the same geometrical parameters like bond 
lengths and bond angles. Conformational analysis 
suggests that 7OCB molecule is stable in trans-trans 
conformation. MEP surface shows that electrophilic 
ability strengthens while nucleophilic ability weakens 
as one maps outwards from the inner core of the 
7OCB molecule. Further, lower HOMO-LUMO 
energy gap indicates that 7OCB is chemically highly 
  
Fig. 1 — Optimized geometry of 4-n-heptyloxy-4´-cyanobiphenyl (7OCB) molecule. 
 
  
Fig. 2 — (a) Surface plot of the relative potential energy of 7OCB molecule as a function of two constitutive torsion angles τ1 and τ2 and (b) Molecular electrostatic potential (MEP) of 7OCB molecule projected on 0.001 electron/bohr3 isodensity surface.  
 
Table 1 — Global parameters of 7OCB molecule as calculated by 
HF and DFT methods. 
Global Parameters HF/ 
6-31G(d,p) 
B3LYP/ 
6-31G(d,p) 
HOMO energy -0.298 a.u. -0.219 a.u. 
LUMO energy 0.069 a.u. -0.055 a.u. 
Orbital energy gap (ΔE) 0.367 a.u. 0.164 a.u. 
Ionization potential (I) 0.298 a.u. 0. 219 a.u. 
Electron affinity (A) -0.069 a.u. 0. 055 a.u. 
Electronegativity (χ) 0.114 a.u. 0.137 a.u. 
Electronic chemical potential (µ) -0. 114 a.u. -0.137 a.u. 
Global hardness (η) 0.183 a.u. 0.082 a.u. 
Global softness (S) 5.464 a.u.-1 12.195 a.u.-1 
Electrophilicity index (ω) 0.035 a.u. 0.114 a.u. 
Dipole Moment 7.06 Debye 7.03 Debye 
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reactive and therefore a potential liquid crystal for 
electro-optic applications.  
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